from observing human behaviour risks becoming just as biased as we are. This problem became widely known in March 2016, after Microsoft launched an automatic twitter account designed to learn from other twitter users how to behave like them. Within less than a day, the company had to shut down the new user, as it started posting racist and sexually charged tweets.
In a recent study, Aylin Caliskan from Princeton University and colleagues investigated whether biases and stereotypes such as those revealed in IATs are also refl ected in the proximity with which these pairs of words occur in text of any kind produced by humans. For this, the researchers used established methods measuring 'word embedding' and programmed them in analogy to existing IATs, as word embedding association tests. For all IAT results they tested, they could detect a similar bias in the texts. They conclude from these fi ndings that machine learning based on ordinary human language risks ending up reproducing human bias (Science (2017) 356, 183-186) .
What to do about it
So if machines aren't the answer, what can we do to beat the bias? A fair selection can sometimes be guaranteed if the achievement to be judged can be kept completely separate from information about the person in question. This separation has been introduced with spectacular success and almost by accident in the world of classical music. Blind auditions, where the sight of the performer is blocked by a shield and only the sound travels to the assessment panel, are widely used to fi ll positions.
The introduction of blind auditions in the US in the 1970s was an accidental success, as Banaji and Greenwald note in their book, because it hadn't even occurred to music professionals that they might be biased by perceptions of race or gender. The bias they were trying to address was that of favouring a small group of musicians who had studied with famous teachers. In the event, the percentage of female musicians hired to the major orchestras jumped from 20 to 40% overnight.
As we can't always rely on luck, being aware of one's own bias is the important fi rst step towards dealing with it. As the editor-in-chief of the Science journals, Jeremy Berg, put it in a recent editorial (Science (2017) 357, 849): "Implicit biases are intrinsic human characteristics that should be acknowledged and managed, rather than denied or ignored."
Blind assessment of scientifi c grant applications or papers is possible in some cases, although not quite with the same purity as the blind auditions. As scientifi c work is described in words and typically based on previous work from the same group of people or others connected to them, complete anonymisation is not always possible. Blinding is, of course, an established standard in clinical trials, and could, as Berg reports, usefully be spread to animal experiments.
Berg also writes that he has taken the IAT test and encouraged his editors to do the same to become more aware of their own implicit associations. Where bias cannot be completely excluded, it is better to be aware of it, so one can use conscious and rational reasoning to evaluate the options and override the instinctive bias.
Removing bias from the unconscious is much harder, as multiple studies using the IAT have shown. Reminders of counter-stereotypical examples may help for a limited time, but then there is the rest of society, which has a knack of repeating and reinforcing stereotypes and keeping the bias alive long after the conscious prejudice has become obsolete.
Banaji reports she has developed a screensaver for her computer reminding her of human diversity. In this small effort, however, she may be outgunned by the algorithms of social media platforms like facebook, which all tend to work on the basis of giving people more of what they like. Thus, if a person prefers to look at white faces, most current technology will pamper their bias and show them more white faces, thus reinforcing their bias. To change our biased minds we may have to reinvent our technology. What turned you on to biology in the fi rst place? An irrational fondness for reptiles. From the time I learned to walk, I toddled around the backyard trying to catch small lizards. That passion broadened to include snakes and other cold-blooded creatures as I grew older. And when I was in high school, I encountered the breathtaking simplicity and elegance of natural selection. It is far and away the most important idea that any human being has ever had, and a key to understanding organismal diversity. The intersection between evolutionary theory, ecological processes and reptile biology has entranced me ever since.
Who infl uenced you early on?
The animals I encountered in the bushland around Sydney and Canberra had more infl uence on me than any human being. In retrospect, I am immensely grateful to my parents for not putting pressure on me to aim for a 'real job'. They supported my passion for reptiles, even when that translated into a school-child catching deadly snakes and bringing them home to keep in cages in the garage. That freedom allowed me to follow my dream.
What is the best advice you've been given? Early in my career, a senior colleague told me "You have to decide whether you are going to spend your career reading the scientifi c literature,
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R1092 Current Biology 27, R1089-R1107, October 23, 2017 or writing it. There isn't enough time to do both." It's true -I have colleagues who read voraciously but never complete much research of their own. And in my own career, ignorance has often been valuable. Several times I have launched into a new project before really understanding current knowledge in detail, and as a result have taken a novel approach driven by my own observations rather than orthodox views of the fi eld. Sometimes it's a disaster, and I reinvent the wheel, or blunder by using a fl awed method. But often, I have managed to look at a topic without the blinkers of current dogma and can then do some detailed reading afterwards, and fi ne-tune my approach so that it exploits (and sometimes challenges) the insights from other workers.
If you had not made it as a scientist, what would you have become?
I would probably be writing crime novels. Unlike most scientists, I really enjoy the story-telling aspect of my work. I love the other parts of research as well -it's exciting to fi nd out new things, and to place them within the context of broader ideas. But I take great pleasure in explaining those insights to a wider community, not just my fellow scientists. So if I wasn't a scientist, I would be a writer of some kind. As retirement looms, I may even try to construct a novel about murders and sleuthing among a group of graduate students living in an isolated fi eld station in the tropics… What's your favourite experiment? I treasure experiments that I've done in the fi eld, fl exibly making use of whatever local materials are on hand. It can be diffi cult to get hold of equipment to run an experiment if you are based at a remote site -especially if the study is based on some new idea that emerges during the fi eldwork, and wasn't anticipated beforehand. Much of my work has been in small isolated islands in the Indo-Pacifi c, or off the Chinese coast. Even when I work on the mainland, it's often far from the nearest town. So you have to think outside the box to create the cue or manipulation required by the experimental design.
For example, I spent several fi eld seasons at the massive snake dens in Manitoba, where tens of thousands of red-sided gartersnakes overwinter together in limestone caverns, and emerge in spring to mate at the dens before dispersing to the surrounding swamps to feed. Every spring, I fl ew from Australia to Winnipeg, hired a vehicle and drove north to the dens. One year, to my delight, the car-rental company at the airport upgraded me to a larger and fl ashier model, with luxuries like a sunroof and seatwarmers. Through sheer serendipity, that was the year that we worked out why some male gartersnakes at those dens exhibit female mimicry -'shemaleness' -whereby they produce female-like skin lipids that attract vigorous courtship from other males.
The key observation came to me one day as I was watching courting groups of snakes at the dens. Based on their colour (muddy, from having been underground recently), I realised that the 'she-males' were snakes that had only recently emerged from their nine-month hibernation inside the den, and so were still slow and weak. That observation suggested a novel hypothesis: that female mimicry benefi ts the 'she-male' by attracting courtship from other ("he-male") snakes, giving the she-male a free massage and heating him up (by heat transfer from amorous courters). Perhaps that warming effect enables the she-male to recover more rapidly from the rigours of hibernation? To test the idea that a period of warmth helps a snake recover from its long overwinter quiescence, I used the electric seatwarming in the rental car. I placed some snake-fi lled bags on the warm seat, and others on the cool seat beside it. Hey presto, I could experimentally manipulate body temperatures of shemales, plus appropriate controls. Sure enough, we showed that an hour or so of warmth enables the newly-emerged snakes to regain their locomotor ability, and induces them to switch off their female lipids and start producing male-specifi c lipids instead. That study produced a paper in Nature that would never have been possible if the car rental company in Winnipeg hadn't upgraded my vehicle to one with seatwarmers. Do you feel a push towards more applied science? How does that affect your own work? The most signifi cant division is between 'doing science well' versus 'doing it badly'. Whether it is pure or applied is less important; but certainly, I have become increasingly interested in applying the insights from research to frame more effective conservation methods. Switching my focus across from snakes (mostly 'pure science') to cane toads (mostly conservation-relevant research) gave me access to more resources, but also pushed me into public debates about evidence-based conservation. It's been frustrating at times -'fake news' is a nightmarebut I've enjoyed the new challenge in the new arena. And it's been exciting to see ideas that emerged from our research now adopted widely, because we have devised effective solutions to problems long regarded as intractable. For example, several years ago I had an idea about how to combat the ecological impact of invasive cane toads. Rather than eliminating toads, we could help the vulnerable wildlife to coexist with the toxic invader by teaching predators not to eat toads. It sounds crazy, but in fact a predator whose fi rst experience is with a small (and hence non-lethal) cane toad soon learns not to eat them -whereas a predator whose fi rst encounter is with a large toad ends up very dead, very soon. So, I thought, we could educate the predators by releasing more toads, small ones, to induce conditioned taste aversion in vulnerable native predators before the main toad invasion arrived. Predictably, the idea was pilloried when I fi rst suggested it. But we showed that it does work, and now we have a massive program across tropical Australia -supported by a diverse array of stakeholders -to buffer toad impacts by educating predators.
Which aspect of science would you wish the general public knew more about? Anonymous peer review. Many of the anti-science attacks by creationists, anti-vaccination activists and climate-change-deniers arise from a misunderstanding of how science works. Researchers are seen as a cabal of self-interested opportunists, engaged in a global conspiracy to misrepresent facts in order to bolster their own funding. Sadly, the community has become so polarised, and so heavily infl uenced by partisan politics, that it is diffi cult to change those opinions. What is a cuttlefi sh? Cuttlefi sh are not fi sh but marine molluscs, cousins of oysters and snails, belonging to the class Cephalopoda -literally they have the feet on their head (Figure 1) . In fact, like squid, they possess eight arms and two prehensile tentacles. Sepia offi cinalis, the European cuttlefi sh, is most studied, but there are about 100 species worldwide, the largest being up to one meter long. In cuttlefi sh the external shell of fossil ammonites and living Nautilus has evolved into a chambered gas-fi lled internal shell known as a cuttlebone, which frequently washes up on sea-shores at the end of the breeding season, and is sold in pet stores for birds ( Figure 2C ). Like a fi sh swim-bladder the cuttlebone controls buoyancy. This is achieved by osmotically adjusting the volumes of gas and water within the bone, allowing the animals to swim, settle on the seafl oor or hover weightlessly.
Does it have a brain?
Yes, one of the most complex of any non-vertebrate, with several million neurons and a brain-to-body mass ratio similar to that of vertebrates. The doughnut-shaped brain is formed of numerous lobes, arranged around the oesophagus and enclosed in a cartilaginous cranium ( Figure 2F ). On either side of the brain are two large optic lobes twice as big as the central mass, which shows the importance of vision to cuttlefi sh.
How does it perceive the world?
Cuttlefi sh have sophisticated sense organs. The mechanoreceptive system comprises statocysts for balance, an analogue of fi sh lateral line for the detection of local water movements (like 'hearing'), and touch and pressure receptors. Cuttlefi sh smell and taste prey and predator odours, and ink from conspecifi cs, through the thousands of chemoreceptors located on the suckers and lips, and with an olfactory organ situated behind the eyes. But the eyes themselves are the most conspicuous Quick guide sense organs. Optically they are very similar to those of fi sh, but with a distinctive W-shaped pupil. They are located laterally on the head with a 320° fi eld of view, and allowing binocular vision.
How does it feed?
The cuttlefi sh is a formidable predator, and one of the few invertebrates to actively hunt fi sh. There are two predation strategies: small, fast-moving prey are caught by the two long tentacles in a strike of less than 300 milliseconds, whereas bigger and slower prey are caught with the eight arms after a quick pounce.
How does it reproduce and grow?
European Cuttlefi sh live in the fast lane: they have exceptionally high metabolic rates, compared even to warm-blooded vertebrates, and as they grow can increase their body mass by about 10% per day. The ink-fi lled eggs are attached to seaweed in bunches which resemble black grapes, and can be found washed up on beaches in summer ( Figure 2B ). The black pigment seems to protect the eggs, which are rarely subject to predation. The ink contains a toxic but heat-labile tyrosinase, and is traditionally used to colour pasta black, giving a rich, aromatic and salty fl avour. Other cuttlefi sh species lay translucent eggs, leaving the embryo visible to predators. Interestingly, those eggs are laid in corals, crevices or under rocks, which is possibly another strategy for protection. The newly hatched cuttlefi sh resemble miniature adults. Like many other cephalopods, cuttlefi sh complete their life cycle in a year, and are semelparous -only one generation is alive at any time. After mating the process of senescence is 
